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ABSTRACT: 

There is proposed a method and apparatus for multibeam scanning an inner face of a cylindrical 
drum, in which scanning lines are straightened under a simple control, and an inten/al between 
the scanning lines can be easily changed, thereby simplifying a constitution. In an embodiment, 
while keeping an interval between two light beams projected to an optical scanning system, the 
light beams are one-dimenslonally deflected in mutually orthogonal directions in synchronism with 
a rotation of the spinner, respectively. In a second embodiment, one light beam is projected 
along a central axis common with the spinner and the cylindrical drum to the spinner. The other 
light beams are inclined in a plane including the central axis by a constant angle phi y separately 
predetemnined for each of the other light beams, and further inclined in a direction orthogonal to 
the plane including a rotation axis by an angle phi x which is determined in synchronism with a 
rotation angle thetas; of the spinner. 
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(54) Method and Apparatus for Inner F^ce Scanning with Multi Beams 

(57) There is proposed a method and apparatus for 
muttH^eam scanning an inner face of a cylindrical drum, 
in which scanning lines are straightened under a simple 
control, and an interval between the scanning lines can 
be easily changed, thereby simplifying a constitution. In 
an embodiment, while keeping an interval between two 
light t>eams projected to an optical scanning system, the 
light beams are one-dimensionally deflected in mutually 
orthogonal directions in synchronism with a rotation of 
the spinner, respectively. In a second emkxxliment. one 
light beam is projected along a central axis common 
with the spinner and the cylirxirical drum to the spinner. 
The other light t>eams are inclined in a plane including 
the central axis by a constant angle 4^ separately prede- 
termined for each of the other light t>eams, and further 
inclined in a direction orthogonal to the plane including 
a rotation axis by an angle ^ which is determined in 
synchronism with a rotation angle 6 of the spinner. 



CM 
< 

CO 

o 



00 

o 

LU 



Printed by Xeinx (UK) Business ServioBS 
2.16.1/3.4 



EP0 840 493 A2 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present Invention relates to a method and an apparatus for scanning an inner face of a cylindrical drum with 
dual or nrx>re light beams, and more particularly to a method and an apparatus for scanning an inner face of a cylindrical 
drum with plural light beams which are combined and introduced into a common optical scanning system to scan the 
10 inner face of the drum. 

Description of the Prior Art 

There is known an inner face scanning type of a light beam scanning device, wherein a light beam such as a laser 

75 beam is introduced into a cylindrical drum to scan an interior surface of the drum. To increase a recording speed in the 
apparatus of this type, a system with plural lic^ beams, i.a, a nulti-beam scanning system is proposed. 

In the inner face scanning type of apparatus, plural light beams are Introduced along a central axis of the cylindrical 
drum to a rotating deflector (spinner) disposed on and rotated about the central axis of the cylindrical drum. The spinner 
dellects incident light beams in a radial direction of the rotating drum. The spinner comprises, for example, a reflective 

20 mirror which rotates at a high speed with an angle of about 45^ with respect to the central axis of the drum. However, 
when plural light beams are simply introduced to the spinner with maintaining the relative positions of the light beams, 
relative position of the light beams after deflected by the spinner periodically varies as a rotation angle of the spinner 
changes. Disposition of the light t>eam tracks on the inner face of the drum are varied with the rotational position of the 
reflective surface of the spinner. Therefore, plural scanning lines recorded on the recording drum are periodically curved 

25 and cross one another. A correct scanning cannot be achieved. 

To avoid the curvatures and crossover of the scanning lines, it is proposed that one light beam among the plural 
light beams t>e used as a reference beam. The reference beam is aligned with a central axis of an optical scanning sys- 
tem (the central axis of the recording drum) and the other light beams are rotated about the reference beam in synchro- 
nism with rotation of the spinner. With such arrangement, since an interval tjetween the respective light beams is 

30 constant the curved scanning lines can be straightened. Also, by changing an interval between the reference beam and 
the other light beams, an interval between the scanning lines can be changed with maintaining the line separation 
thereof. 

For example, the Japanese Laid-Open Patent PLi>lication (KOKAI) Nos. 5-27188 (corresponding to U.S. Pat. No. 
5,504,619) and 5-276335 disclose a system in which a deflecting element (prism or the like) with a fixed deflection 

35 quantity is rotated in synchronism with rotation of a spinner. Also, U.S. Pat Nos. 5,097,351 and 5,502,709 propose a 
system in which light beams other than a reference beam are deflected two-dimensionally. 

In the former system for rotating the deflecting element witii the fixed deflection quantity, there is a problem that 
because of the constant deflection quantity, it is inpossble to change a beam interval, therefore a scanning line interval 
cannot be changed. Although the scanning line interval is preferably changed with a recording density, the prior system 

40 cannot vary a scanning line density in accordance witii tiie recording density. Also, stably to rotate the deflecting ele- 
ment in synchronism with the spinner rotating at a high speed, a highly precise mecfianical rotation transmitting mech- 
anism is necessary. However, this mechanism is fiardly available, and expensive. 

In the latter system for Iwo-dimensionally deflecting the light beams, it is necessary to use plural deflectors, such 
as piezo-mirrors and acousto-optic elements (acousto-optic modulators, hereinafter referred to as AOM). Further, light 

45 beams need to be deflected two-dimensionally in opposite directions in a complicated manner while keeping a constant 
nrujtual relatbnship in two orthogonal directions (X, Y directions). Therefore, a complicated and precise control is 
required, and scanning quality is hardly stabilized. This leads to an expensive device. 

SUMMARY OF THE INVEfOTION 

so 

The present invention fias been accomplished under the circumstances as aforementioned, and a first object 
thereof is to provide a method of simultaneously scanning an inner lace of a cylindrical drum with dual lighit t>eams. in 
which scanning lines are straightened under a simple control witiiout using a two-dimensional light beam deflecting ele- 
ment, and a scanning line interval can be changed, thereby simplifying a constitution of a system. 
55 A second object of the present invention is to provide an apparatus for sinultaneously scanning an inner face of a 
cylindrical drum wrtii dual light beams, in which scanning lines are straightened under a sinple control without using a 
two-dimensional light beam deflecting element, and a scanning line interval can be changed, thereby simplifying a con- 
stitution. 
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A third object of the present invention is to provide a method of simultaneously scanning an inner face of a cylindri- 
cal c&rum with two or more light t>eams, in which scanning lines are straightened under a simple control, and a scanning 
line interval can be easily varied with a simple constitution. 

A fourth object of the present invention is to provide an apparatus for simultaneously scanning an inner face of a 
5 cylindrical drum with two or more light k>eams, in which scanning Knes are straightened under a simple control, and a 
scanning line interval can t>e easily varied virith a simple constitution. 

The first object of the present Invention is attained by the provision of a method for dual light beams scanning an 
inner face of a cylindrical drum which comprises a spinner rotating within said drum, said spinner deflecting two light 
t>eams introduced into the drum toward the iruier face of the drum to scan the inner face with the two deflected light 
10 beams, 

wherein said two light beams are one-dimensionaify deflected in mutually orthogonal directions with each other, 
respectively, in synchronism with a rotation of said spinner, with keeping constant an Interval between said two light 
beams, and then said two light beams are introduced to the spinner to be deflected to the inner surface of the drum. 
In this case, on an image forming or focusing plane of the light beams, an X-Y rectangular coordinate system is 
IS assumed. The interval (distance) r t>etween two light t)eams is set constant, an angular velocity of the spinner is set as 
GK and an offset angle of the spinner from a maximum deflecting direction Is set as i)/. The light beams are one-dimen- 
sionally delected on an X-axis and on an Y-axis, so tfiat a coordinate of one of the light t>eams on the image forming 
plane is (x=r • co6(ci>t-i-i|/) , y=0) and a coordinate of the other ligtrt beam on the image forming plane is (x=0, 
y=r • C06((Dt+y) ). 

20 TTie second ot)ject of the present invention is attained by the provision of an apparatus for sinuHaneously dual ligtit 
beams scanning an inner face of a cylindrical drum, comprising: 

a) two deflecting elements for on&dimensionally deflecting the two light k>eams in nrujtually orthogonal directions, 
respectively; 

25 b) a spinner rotating coaxially with said cylindrical drum for deflecting said two light K)eams incident along a central 
axis of the cylindrical drum to scan the inner face of the cylindrical drum; 

c) angle detecting means for detecting a rotation angle of the spinner; 

d) a memory for storing deflection quantities of said deflecting elements necessary for one-dlmenslonally deflecting 
the Gght beams in mutually ortfiogonal directions in synchronism with the rotation of said spinner while keeping 

30 constant an interval t>etween the two light beams; and 

e) delecting element control means for driving said deflecting elements based on the deflection quantities stored 
In said memory. 

In a preferable embodiment a mechanism for compensating positions of tfie light beams is provided. The mecha- 
35 nism can be constituted as fblkyws. 

Beam position detecting means is provided for detecting Image-beams or focusing are Incident upon the spinner. 
Detected beam positions are compared with adequate positions which are obtained from adequate deflection quantities 
(angles) stored in the deflection quantity memory, arxi compensation quantities for corrpensating a dIffererKe between 
the positions are obtained and stored in a compensatk>n quantity memory. Dual t)eam scanning is performed while con- 
40 trolling the deflection quantities by using compensation data. 

When the compensating mechanism is provided, a preliminary scanning may be performed separately for each 
light beam prior to recording of image data. The compensation data of each light beam Is obtained and stored. There- 
fore, Influences of changes in tenperature, changes in properties witii an elapse of time, or the like of the optical system 
or the like can be eliminated. A correct highly precise scanning can be achieved. 
45 The compensation data may be rewritten at adequate times. For exanrple, when power is turned on. every time a 
predetermined time elapses, every time of output of predetermined pages of image, as required by an operator, and at 
other times, an instruction for rewriting can be given. 

As the light t^eams, laser beams are suitat>le. In this case, as the one-dlmenslonal light beam deflecting elements, 
acousto-optic nrKXiulating elements (AOM) are preferat)ly used. The beam position detecting means can k>e constituted 
so by disposing a quarter position detecting element around the image forming or focusing plane. The image focusing 
plane may be obtained by splitting a corrposlte light beam witii a beam splitter. 

The third object of the present invention Is attained by the provision of a method for scanning an inner face of a 
cylindrrcal drum with plural light beams, said drum comprising a spinner rotating on a central axis of the drum to delect 
each light beam to the inner face of the drum. 
55 wherein one light beam passes along a central axis common with said spinner and the cylindrical drum and is 

prqected into ttie spinner, 

and wherein other light beams are Inclined in a plane including said central axis by a constant angle ^ which is 
separately predetermined for each of said other light beams and further inclined in a direction orthogonal to said plane 
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by an angle ^ which is determined in synchronism with a rotation angle 0 of the spinner. 

In the preferable embodiment, the inclination angle ^ may be determined in accordance with the formula 

e?^0. then 4)^= 4»y(1-cose/sin6), and 

5 

e^. then ^^=0. 

In this manner, since the inclination angle ^ in the Ydirection is a fixed value, only the Inclination angle <|»x in the X- 
direction can be calculated. Therefore, especially a constitution of an arithmetic operation circuit is simplified. 
10 Also, since a scanning line inten/al d can be determined by dsff • ^ y . in which f is a focal length of a focusing lens 
(converging lens), conversely, the Ydirection inclination angle ^ can k>e determined by 4> y=d/f to obtain a desired inter- 
val d. TTierefore, setting of the interval d between the scanning lines is very simple. 

Three or more light beams can be used. In this case, one light beam (the reference beam) is placed on the central 
axis of the spinner, a second light beam is inclined (deflected) by ^y=d/f in the Ydirection. and third and sut>sequent 
IS light beams are tilted by 2^ • 2^ 3<|y ... in the Y-direction. The X-direction inclination angle ^ of each fight beam 
is obtained by the arithmetic operation using the corresponding Y-cfirection inclination angle <|y 2^ -2^ 3^ ... . 

In the above method, from the reference k>eam. the other light beams are deviated in time in a main scanning direc- 
tion, i.e.. in scanning phase. The deviation in phase can be eliminated by correcting a dock timing of an image signal. 
An arithmetic operation is described later. 
20 The fourth object of the present invention is attained by a provision of an apparatus for scanning an inner face of a 
cylindrical drum with plural light beams, said drum having a spinner rotating on a central axis of the drum to deflect said 
plural light t>eams to the inner surface of the drum, one of the plural light beams passing along a central axis common 
with said spinner and the drum to be projected to the spinner, comprising: 

25 angle detecting means for detecting a rotation angle 0 of the spinner; and 

a light beam deflecting element for deflecting tiie ottier light beams in a plane including said central axis by a con- 
stant angle ^ which is separately predetermined for each of the other light beams, and in a direction orthogonal to 
said pl€ine including a rotation axis by an angle ^ which is determined in synchronism with the rotation angle 0 of 
the spinner. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a drunnnner-face scanning apparatus operated in a principle according to a 
first embodiment of the present invention; 
35 Fig. 2 is a block cfiagram showing a deflection control of the apparatus shown in Rg. 1 ; 

F^. 3 is an explanatory view of a beam position detecting means provided in the device of Rg. 1 ; 

Fig. 4 is an explanatory view showing a principle of a deflection control according to the first embodiment of tiie 

present invention; 

Figs. 5A to 5D are exptanatbry views showing a relationshf) t>etween a rotary position of a spinner and a light k>eam 
40 position in the first embodiment, the left sides showing beam positions on an image forming plane PI shown in Rg. 
3, and the right sides showing corresponding side views of the spinner; 

Figs. 6A to 6D are perspective views of the spinner corresponding to Figs. 5A to 5D, respectively, and show posi- 
tions of the spinner in accordance with changes in phase (angle) 6 shown in Rg. 4; 

Fig. 7 is a conceptual representation of a light beam emitting section and an optical system in arx)ther apparatus 
45 to which the principle of the first emtxxiiment is applied; 

Fig. 8 is a conceptual representation of a light beam emitting section and an optical system in still another appara- 
tus to which the principle of the first embodiment is applied; 

Fig. 9 is a conceptual representation of a light beam emitting section arxJ an optical system in another device to 
which the principle of the first emt)odiment is applied; 
so Fig. 10 is a perspective view showing a drum-inner-face scanning apparatus operated in a principle according to a 
second embodiment; 

Fig. 11 is a block diagram showing a defection control of the apparatus shown in Rg. 10; 

Fig. 12 is a conceptual representation of another apparatus to which the principle of the second embodiment is 

applied; 

55 Fig. 13 is an explanatory view of a principle of a light t>eam deflection control according to the second embodiment; 
and 

Fig. 14 shows scanning line tracks drawn on an inner face of a cylindrical drum when no control is effected on the 
light t>eams. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIRST EMBODIMENT 

5 A princqsle of a first embodiment according to the present invention is now descrS>ed with reference to Figs. 4. 5 
and 6. Fig. 4 is an explanatory view of a deflection control of light beams and L2, the light beams Li and L2 being 
directed from a light source along a central axis C of a recording cylindrical drum toward a spinner 30. Figs. 5A-5D are 
explanatory views showing a relationship between a rotary position of the spinner 30 arxi positions of the light beams 
L^ and L2. Figs. 6A-6D are perspective views of the spinner. In the following description, an offset angle is y=0- Specif- 

10 icalty. a plane including the light beams L^ and L2 coincides with a maximum deflecting direction of the spinner. 

The light t>eam L^. as shown in Rg. 4, reciprocates along an X-axis in an X-Y rectangular coordinate system with 
an origin of the central axis C on an image focusing plane of the light beams. Also, the light beam L2 reciprocates along 
a Y-axis. When a straight line AB connecting image focusing lod positions A and B of the light beams L^ and L2 forms 
an angle 0(sG>t) with the X-axis, a coordinate of A is (x^r • oosO . y=0) arxi a coorcfinate of B is (x=:0, y=r • sine ). Here, 

IS a distance between A arxJB is d = (x +y ) =r. Then, when risconstanttfiebeamLi rotates around the beam Lg 
with a radius r and an angular velocity ox In tiie same manner, tiie beam L2 rotates around the beam L^ on the same 
conditions. 

Tlie state is described with reference to Rgs. 5 and 6. In Rgs. 5A to 5D. a view of beam positions on an image form- 
ing or focusing plane PI shown in Rg. 3 when the phase (rotation angle) 0 changes by 90® arxi a corresponding side 

20 view of the spinner 30 are arranged on left and right Rgs. 6A to 6D show positions of the spinner 30 varying in accord- 
ance with changes in phase (angle) 9 shown in Rg. 4. 

In Rg. 5A. at the time of mi={0±2n)n radian (n: integer), the light beam L^ is positioned at (r,0) and the light beam 
L2 at (0,0). In the same manner, Rgs. 5B, 50 and 5D shows a condition of a>t=(1/2±2n)ic , G>t=(1±2n)n, and 
a>t=(3/2±2n)ic , respectively. In the condition of Fig. 5A, the li^ beams L^ and L2 reflected by the spinner 30 are guided 

25 in a direction of X-axis. Accordingly, the light beams L^ and L2 are projected to an inner face of a cylindrical drum with 
keeping the order of L^ and L2 in the direction of the central axis C (a direction of Z-axis). 

When the phase changes by nJ2 radian to reach the condition of Fig. 5B, a coordinate of the light t^eam L^ on the 
image forming plane is (x=0. y=0) and a coordinate of the light beam L2 on the image forming plane is (x=0, y-r). At 
the same time, the spinner 30 is also rotated by nJ2 radian to reach tiie condition shown in Fig. 6B. In this situation, the 

30 llgfit beams Li and L2 are r^lected in a cfirection of -Y-axis. The order of the light beams Li arxi L2 projected to an inner 
face of a recording drum will be kept in the direction of Z-axis. As understood from the above, when the light beams Li 
and 1-2 periodically change their positions in syrx;hronism with rotation of the spinner 30, the light fc>eams L^ arxi L2 draw 
parallel, straigfit scanning lines (main scanning lines) on the inner face of the cylindrical drum. Also, by changing a dis- 
tance r between the light beams L^ and L2. an interval between the scanning lines can be changed. 

3s The above explanation is based on a condition such that the spinner has no offset relative to tfie two fight beams, 
that is to say, the spinner is oriented in a direction which has a maximum angle by which the light beams incident upon 
the spinner are deflected (a maximum delecting direction of the spinner). When the spinner is constituted of a reflective 
mirror forming an angle of 45*" vtnth a drum central axis, the irx:ident light beams are deflected by 90"* accordingly. 
When the maximum deflecting direction of the spinner (in Rgs. 5 and 6, a k>ngitudinal (or longer diameter) direction 

40 off an ellqMic mirror surfece of the spinner 30) does not coincide with a plane including two light beams, tiie offeet angle 
is \|f. then the respective light beams may be one-dimensionally deflected on the X-axis and Y-axis, so that the coordi- 
nate of one light t>eam on the image forming plane is 

(x=r • oos((Dt+y), ysO), 

45 

arxJ the coordinate of the other light beam on the image forming plane is 

(x=0, y=r • sin(o>t+^)). 

so Thereby, bofli the light beams draw parallel, straight scanning lines (main scanning lines) on the inner face of the cylin- 
drical drum. 

Fig. 1 is a partially omitted conceptual representation of a light beam scanning devk;e for scanning according to the 
principle of the first emkxxliment. Rg. 2 is a block diagram of a control system. Fig. 3 is an explanatory view of beam 
position detecting means. 

55 In Rgs. 1 and 2. reference numeral 10 denotes a laser source such as a He-Ne laser, or an Ar laser or the like. One 
laser beam Lq emitted from the laser source 10 is split by a polarizing beam splitter 12 into a P-polarized beam (the 
polarized t>eam with an electric field oscillating plane parallel witii an incident plane including an incident beam and a 
reflective beam) and S-polarized beam (the polarized beam with the electric f iekj oscillating plane vertical to the ind- 
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dent plane). The P-polarized beam is the light beam L^, which is projected via a group of lenses into an A0M1 as a one- 
dimensional light beam deflecting element. 

The A0M1 is, as described later, driven by an ultrasonic wave with a specified frequency generated by a trans- 
ducer An incident light beam is cfiffracted with a standing wave produced by the ultrasonic wave. The primarily of one- 
5 dimensionally diffracted light is selected by a zero-dimensional light cutting plate (not shown). By varying the frequency 
of a drive signal (radio frequency signal, RF signal) of the A0M1 , the diffraction angle of the light beam is slightly 
changed in a direction of X-axis (see Figs. 1 and 2). Also, the drive signal (RF signal) is modulated tiy a binary image 
signal. 

The S-pdarized beam split by the beam splitter 12, i.e., the light beam is projected via a mirror 14 and a group 
10 of lenses into an A0M2. Its drive signal (RF signal) is modulated by a binary image signal. By varying the frequency of 
the drive signal, the deflection angle of the light beam L2 can be slightly changed in a direction of Y-axis (see Figs. 1 
and 2). 

Both light beams arxJ are enlarged by the groups of lenses as shown in Rg. 2, respectively, tfien conft}ined 
by a mirror 16 and a polarizing beam splitter 18. A composite light beam L3 further has its diameter enlarged and 
15 changed by lenses 22 and 24 constituting a beam exparxier 20. The beam L3 is then introduced along the central axis 
C of a drum (cylinder) 26 into the drum 26. 

On the central axis C of the drum 26 provided are a focusing lens 28 and the spinner 30 which constitute an optical 
scarming system. The spinner 30 has a reflective mirror surface with an angle of akx>ut 45® relative to the central axis 
(rotation axis), and is rotated by a motor at a high speed. The nx>tor is provided with a rotary encoder 32 as an angle 
20 detecting means for detecting the rotation angle (6=a>t) of the spinner 30. Specifically, a pulse signal p is output at 
every specified rotation angle, and a reference position signal Po indicating a reference position of one rotation is also 
output The light beam L3 guided towaid the spinner 30 passes the beam expander 20 and the converging lens 28 on 
the rotation axis, and is focused on the inner peripheral face of the drum 26 or on a recording sheet 34 held on the inner 
face of the drum 26. 

25 Behind the beam splitter 18, an image focusing lens 36 is provided, so that a part of the light beams Li and L2 hav- 
ing passed the beam splitter 1 8 is focused on the focal plane (image forming plane) P1 of the lens 22 and another con- 
jugate focal plane P2. On the focal plane P2 or on a position slightly deviated from P2 provided is a quarter position 
detecting element 38 as a beam position detecting element, to detect beam positions of tiie light beams Li and L2. The 
image focusing lens 36 and the quarter position detecting element 38 form beam position detecting means 40. 

30 In Fig. 2. reference numeral 42 denotes an AOM controller as a deflecting element control means, which controls 
A0M1 and A0M2 in synchronism with the rotation angle 0 of the spinner 30. A deflection quantity memory 44 stores 
deflection data for deflecting the light beams Li and Lg one-dimensionally in the X-axis direction and the Y-axis direc- 
tion, respectively. Specifically, a function of XQ=cos(<Dt+v) , yQ=sin(<Dt+y) is stored in a form of a numerical table or 
expression. 

35 The AOM controller 42 reads from the memory 44 the data xq, yo corresporKling to the rotation angle e=<Dt of the 
spinner 30. By integrating separately inputted data of the distance r between the light beams Li and L^, deflection quan- 
tities x=r • co6(<dt+v) . y=r * sin(G>t+v) are obtained. Subsequently, by transmitting analog voltages corresponding to 
the deflection quantities x and y to a VCO (voltage control oscillator, not shown), drive frequencies fx and fy of AOM1 
and A0M2 necessary for producing the deflection quantities x and y are obtained. The AOM controller 42 stpplies drive 

40 signals (RF signals) with the drive frequencies fx and fy to A0M1 and A0M2, respectively, to drive these AOMs. 

As a result, A0M1 and A0M2 can deflect the light t>eams Li and L2 with x=r • cos(ci>t+ v) . y-r * sin((i>t+i|/) , respec- 
tively. During this operation, the light beams are also modulated with the binary image signal, and a picture element 
which turns on or off in accordance with the image signal is written on the scanning lines. Also, since diffraction efficien- 
cies of A0M1 and A0M2 usually change with deflection angles, it is preferat)le to control voltages of the drive signals 

45 simultaneously to compensate the change of the diffraction efficiencies, controlled, so that intensities of tiie light beams 
Li and L2 are made uniform. 

in the first embodiment, the beam position detecting means 40 corrects variations in the deflection angles due to 
changes in temperature and characteristic changes with time in A0M1 . AOM2. the optical system and the like. Specif- 
ically, prior to the recording of an image on the inner face of the drum, each of the beams Li and L2 is preliminarily 

so scanned. In tills case, a part of the light beam Li or L2 is split by the polarizing beam splitter 18 and guided via the 
image focusing lens 36 to the quarter position detecting element 38. The quarter position detecting element 38 outputs 
voltages corresponding to quantities of light incident upon four photo detecting elements. Based on a distribution of the 
output voltages, a beam position detecting circuit 46 obtains the beam position of the light beam Li or L2, i.e.. the beam 
position on the image forming plane P2. 

55 Thus obtained beam position periodically varies witii tiie rotation angle 0 of the spinner 30. The obtained beam 
position is compared with a normal beam position in a processor 48 as compensation quantity arithmetic operation 
means. Here, the data indicating the normal beam position is x=r • oos((Dt-f m^) . y=r • 8in((Dt+Y|r) which is stored in the 
deflection quantity memory 44. Differences from the normal beam position are used as deflection quantities Ax, Ay to 
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be compensated. The processor 48 determines the compensation quantity Ax, Ay for shifting the detected beam posi- 
tions to adequate positions. Data indicating the deflection quantities Ax, Ay is also stored in a compensation quantity 
memory 50. In this manner, the compensation data of the light beams and are stored. 

In the real scanning operation for the image recofding, on the inner face of the drum, the AOM controller 42 reads 

5 from the deflection quantity memory 44 the deflection quantities x and y corresponding to the rotation angle Oscot-i-v^ 
of the spinner 30. The AOM controller also reads from the compensation quantity memory 50 the compensation quan- 
tities Ax, Ay corresponding to the same rotation ar^le 6. Sums of these quantities (x+Ax), (y+Ay) are used as the deflec- 
tion quantities with regard to the light beams and L2, respectively The AOM controller means 42 generates drive 
signals of frequencies corresponding to these compensated quantities (x4Ax), (y+Ay), and modulates the drive signals 

10 wHh the binary image signal before supplying the drive signals to A0M1 and A0M2. respectively. 

As a result the light beams and L2 are deflected to correct positions, and can draw two equally spaced, straight 
scanning lines on the interior surface of the cylindrical drum 26. Also, the spinner 30, while rotating once, moves by a 
distance corresponding to an interval between two main scanning lines toward the central axis (in the Z-axis direction), 
i.e., in an auxi&ary scanning direction. 

IS As aforementioned, in the apparatus shown in Figs. 1 and 2, one laser beam Lq from the laser source 10 is split 
into two light beams and Lz by ttie polarizing beam splitter 12. Other structures shown in Figs. 7, 8 and 9 are also 
availat)le. 

In a device shown in Fig. 7. one laser beam Lq emitted from tiie gas laser source 1 0 such as He-Ne laser or Ar laser 
is split by a beam splitter 60 into two laser beams L^b and L^. To one laser beam L^, a phase difference of X/2 is given 
20 b^aX/Z wavelengtti plate 62. Two laser beams L^a and L^, which are not interfering with each other in this manner, 
are deflected in the same optical system as the aforementioned, and combined. In Fig. 7, alike components are 
denoted witii the same numerals and symtx>ls as in Fig. 2. and therefore the description is not repeated. 

In a device shown in Fig. 8, two laser diodes 64 and 66 are used. The laser diodes 64 and 66 emit linearly polarized 
light beams (laser beams) L^b and L^, respectively. Here, the laser diodes are arranged so that polarization directions 
25 are mutually orthogonal. Both light t^eams Mb and 1.2^ are oollimated by collimating lenses 68 and 70, subsequenfly 
guided via the A0M1 and A0M2 to a polarizing beam splitter 72, which combines both the light beams. A composite 
light beam L^b is guided via a beam expander 74 to an optical scanning system. 

Further, when the laser diodes 64 and 66 are used as light sources in this manner, nxKJulation by means of the 
binary image signal can be performed by the laser diodes 64 and 66. Specifically, based on the image signal, the laser 
30 diodes 64 and 66 are controlled to turn on arxl off. Therefore, AOM1 and A0M2 can only deflect flie light beams Lib 
and L2b, respectively. 

In a device shown in Fig. 9, the AOM1 and the A0M2 in Rg. 8 are replaced by mcvafc)le mirrors 76 and 78. Uneariy 
polarizing directions of light beams L^c and emitted from laser diodes 80 and 82 are set in such a manner that ttie 
laser beams are polarized to be S-polarized t>eam and P-polarized beam, respectively. The movable min-ors 76 and 78 
as rotate about axes parallel the respective polarizing directions, to deflect the light beams L^c and L2C, respectively. In 
Fig. 9, the part identical to Fig. 8 is denoted with the same numerals or symtx>ls arxJ therefore the description is not 
repeated. 

As the n(V3vat)le mirror 76 or 78 for use in the device of Rg. 9. a piezo-mirror using a piezo element, a galvano-mirror 
using a galvanometer, or the like is availat)le. In the enixxiiment descrit>ed with reference to Rg& 1 to 6, the spinner 
40 30 uses a minor rotating at an angle of 45** relative to the central axis C of the drum 26. Instead of the mirror, by rotating 
a diffraction grating, the light beam (laser beam) can be introduced along the central axis G to the inner face of tiie 
drum. 

According to tiie first embodiment of the present invention, two ligtit beams introduced to the spinner are deflected 
one-dimensionally in mutually orthogonal directions while keeping a constant interval between the two light beams, in 

45 synchronism wHh a rotation cyde of the spinner. Accordingly, without using a two-dimensional light t>eam deflecting ele- 
ment, the interval between the scanning lines can be changed. With two light beams, a high quality of image can be 
recorded on the inner face of the cylindrical drum at high speed. Since the two-dimensional light beam deflecting ele- 
ment is unnecessary, a constitution of the apparatus is simple and inexpensive, and an operation is stabilized. 

To one<fimensk>naIly deflect two light beams in this manner, on the image forming plane of the light beams, tiie X- 

50 Y rectangular coordinate system Is constituted with a redprocating directfon of one light beam 1^ being X axis and a 
reciprocating direction of the other light beam being Y axis. In the coordinate system, ttie light beams are deflected 
so that the light beam is x=r • cos(ci)t+v) and the other light beam L2 is y=r * sin(<Dt+Y) . respectively. 

Preferably, the position of the light beam incident upon the spinner is detected by the beam position detecting 
means, the compensation quantity necessary for shifting the detected beam position to an adequate position is stored 

55 in the compensation quantity memory, and at tiie time of image recording, the compensation quantity is read from the 
compensation quantity memory, to correct the deflection quantity. By obtaining the compensation quantity at an ade- 
quate time, for example, prior to the image recording, and re-writing tiie content of the compensation quantity memory, 
the influence of changes in temperature or characteristics changes witti an elapse of time or the like in the optical sys- 
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tern can be eliminated. Additionally, the image quality can be enhanced. 

As the light beams, laser beams are suitat)le. In the emtxxliment. as the oneKfimensional light beam deflecting ele- 
ment, an acoustD-optic element (AOM) can be used. 

5 SECOND EMBODIMENT 

A prindpie of a second embodiment of the present invention is described with reference to Rgs. 1 3 and 1 4. Rg. 1 3 
is an explanatory view showing a principle of a light beam deflection control according to tiie second embodiment, and 
Fig. 14 shows scanning line tracks drawn on an inner face of a cylindrical drum D. Lq is a reference beam and is the 
10 other light beam. These lisfht kieams Lq and pass a focusing lens (not shown), and are reflected in a radial direction 
of the drum D by a spinner which rotates on a central axis CL of the drum D to locus on the inner face of the drum D. 
The spinner is. for example, a reflective mirror which rotates at a high speed with an angle of about 45"* relative to the 
central axis. 

A rotation angle of the spinner relative to the drum D is represented by 6. The reference beam 1^ is projected along 
IS the centred axis CL of the drum D arxJ draws a straight scanning fine. i.e.. a reference scanning fine SL^ on the inner 
face of the drum as shown in Rg. 14. The other beam is inclined with a slight angle of <^ in a direction of 6=6 q . to 
be incident upon the spinner. In the specification hereinafter, the light beam L-i is also referred to as the oblique incident 
beam. 

As shown in Rg. 14, the oblique incident beam draws a curved scanning line SL^, which is most apart from the 
20 reference scanning line SLq when the rotation angle of the spinner is 6=6 q . Since ^ \sa small angle, a distance d 
between the scanning lines is d = f * tan^y » f • 4> y . in which f is a focal length of the focusing lens. 

When a X-Y coordinate system is set on the drum D as shown in Rg. 14, the coordinate of the scanning line SLf 
drawn by the ot)lique incident beam can be expressed in following formulae. 

25 x=f •^y*sin(6-6Q) 

y=f-*y-cos(6-6o) 

In this condition, an incident direction of the oblique incident t)eam is inclined by ^ in a direction orthogonal to 
30 a tilt direction of ^ In this case, a coordinate position on the scanning line SLi of the ot)lique incident beam can be 
expressed in following formulae. 

X = f • *y • sin{e-6o) - f • • cos(6-6o) (a) 
35 y = f •<|>y*cos(6-6o)+f •♦x*sin(6-6o) (b) 

In the equations, 4»y is a constant, while ^ Isa variable which varies in synchronism with the rotation angle 6 of the spin- 
ner arxj is a function of the angle 6. 

To make straight the scanning line SL^ and set its distance from the reference scanning line 81^ to a constant value 
40 d, y obtained in the above fomuila (b) must be the same as a constant value d=f • (|» y , and so 

***y = t**y*cos(e-eo) + f -^j^'SinCe-do) *y(1-cos(6-6Q)) = 4»x*sin(6-6o) <|»x = *yO-<»s(6-eo))/5in(e-eo) (c) 

provided that B^Oq 
45 Further, when 6=6 q , i^x=0. 

When a point of 6=6 q is an origin of the X-Y coordinate system, then an offset angle of the spinner is 6o=0. There- 
fore, the above formula (c) becomes as follows. 

When 6;i^6o. ^x = <l>y(1-cose)/sin6 

50 

When6=6o. ♦x^O 

From the atx>ve description, it can be seen that after ^ is determined by ^ y=d ^fi , so that the distance d between 
the scanning lines SL^ and SL^ is a predetermined distance do. ^ is changed with the rotation of the spinner in accord- 
55 ance with the at>ove formula (c), then the scanning lines SLq and SL^ can be constituted of straight and parallel lines 
witti the distance do tiierebetween. 

Further in this case, the scanning line SLi varies from the reference scanning line SLq in phase of an X direction 
(main scanning direction). The variance can be obtained in afolfowing formula. Specifically, by substituting ^ obtained 
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in the formula (c) for ^ in the formula (a), a following formula results. 



f '(l> 'COS (6-6 J (1-003(6-6) ) 

0 = f'0 's±n(6-6J ^ 2 — -(d) 

y ^ s±n(6-6 ) 



10 Therefore, a synchronizing signal (dock timing) of the scanning line SL-i is delayed and compensated as nuch as 
^ obtained in the formula (d). 

As aforementioned, according to the princ^le of the second embodiment of the present invention, when the interval 
or spacing between the scanning lines is set as d> the Ydirection inclination (detection angle) ^ is set as a constant 
value of 6/1. Since only the X-direction inclination (dellection angle) ^ may be obtained in the formula (c) for scanning, 

IS control is simplified. 

Additionally, since <|>y can be a fixed value, to delect the light beam in the Ydirection. for example, the mirror may 
be mechanically moved beforehand to a predetermined deflection angle. Therefore, an AOM element, a piezo-mirror or 
the like for changing deflection angle at a high speed is unnecessary, and an inexpensive constitution can be provkJed. 
Here, the arithmetic operation of ^ can be performed in real time during scanning operation. Alternatively, a result of 
20 arithmetic operation, may be stored and the scanning operation is conducted while reading the stored results. 

Fig. 10 is a partially omitted conceptual representation of a drum-inner-face scanning apparatus operated based 
on the principle of the second embodiment Rg. 11 is a block diagram of its control system. 

!n Figs. 1 0 and 1 1 . reference numerals 110 and 112 are laser diodes. The laser diodes 110 and 112 emit linearly 
polarized light beanrs (laser beams) Lq and L^. Therefore, the laser diodes are arranged, so tfuit polarization directions 
25 are orthogonal to each other. Both ligfit beams Lq and L-t are collimated by the collimating lenses 114 and 1 16, subse- 
quentiy. gukJed via acousto-optic nxxlulating elements AOM101 and AOM102 to a polarizing beam splitter 118. which 
cont)ines the ligfit beams. Alternatively, when one light beam Lq is used as a reference beam, the AOM101 can be omit- 
ted. 

A composite light beam L2 further has its beam diameter enlarged and changed by lenses 122 and 124 constituting 
30 a beam expander 120. The beam L2 is guided along a central axis CL of a drum (cylinder) 1 26 into the drum 126. 

On Vf\e central axis CL of the drum 1 26 provided are a focusing lens (converging lens) 1 28 and a spinner 1 30 which 
constitute an optical scanning system. The spinner 130 has a reflective mirror surface with an angle of about 45'' rela- 
tive to the central axis (rotation axis), and is rotated by a motor at a high speed. The motor is provided witii a rotary 
encoder 132 as an angle detecting means for detecting a rotation angle (6=wt) of the spinner 130. The beam gukJed 
35 toward tiie spinner 130 passes the beam expander 120 and the focusing lens 128 disposed on the rotation axis, and is 
focused on an inner peripheral face of the drum 126 and a recording sheet 134. 

Further, the beam expander 120 is provided with a beam splitter 136. By the beam splitter 136. a part of the com- 
posite beam L2 is split arxi guided to a quarter position detecting element 138, so tiiat beam positions of the light beams 
Lo and are detected. The beam splitter 136 and the quarter position detecting element 138 form a beam position 
40 detecting means. 

Each of the AOM1 01 and the A0M1 02 is driven by an ultrasonic wave generated by a transducer to diffract an inci- 
dent light beam with a standing wave produced by the ultrasonic wave. In this case, one-dimensionally diffracted light 
is selected by a zero-dimensional light cutting plate (not shown). By changing the frequency of the ultrasonic drive sig- 
nal, angles of the light t>eams Lq and L-i are changed. 

45 AOM101 and AOM102 are capable of deflecting tiie light beams two-dimensionally Specifically, they are provkled 
with two sets of transducers in mutually orthogonal directions. A light beam irrtroduced into AOM101 or AOM 102 can 
be deflected independently in tx>th orthogonal directions. Here, one light beam Lq is used as the reference beam, and 
is positioned on the central axis CL of the drum 126 and the spinner 130. 

if tiie reference beam Lq can be precisely positioned on the central axis CL, the AOM101 is unnecessary. If this is 

50 diffwuK, however, a beam position of the reference beam 1^ is detected by the beam position detecting element 138, 
compensation data in AOM101 is stored, and at the time of scanning, the reference t>eam Lq is correctiy aligned with 
the central axis CL 

The AOM102, as aforementioned in the principle, tilts the oblk)ue inckJent beam L^ by ^ and (|»y in the X and Y 
directions, respectively. The inclination angle ^ is obtained in an AOM control 140, which applies to one transducer of 
55 the AOM102 a drive signal having a frequency for producing the inclination 4y Here, as aforementioned, (t>y is a fixed 
value which is determined from a focal length f of the focusing lens 128. 

In an arithmetic operation unit 142, ^ is obtained. The arithmetic operation is peribrmed in accordance with the 
above formula (c) using the spinner rotation angle 6 and ^ The result ^ is transmitted to an AOM control unit 144, in 
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which a frequency for producing the inclination ^ is obtained. A drive signal having this frequency is applied to the other 
transducer of the AOM102. The arithmetic operation for ^ can be performed in real time during scanning. Alternatively, 
by storing an operation result in a memory, data can be read from the memory during scanning. 

Further, the beam position of the oblique incident beam is detected by the beam position detecting element 138. 

5 The detected beam position is retumed to the AOM control unit 144 or 140. Then, the beam position may k>e corrected 
to coincide with ^ or ^ The correction can be performed in real time during scanning. Alternatively, a preliminary scan- 
ning can be performed to store data for the conection beforehand. 

The laser diodes 110 and 1 12 are controlled by a light source control 146. The light source control 146 turns on or 
off the laser diodes 110 and 1 12 in accordance with a binary image signal k>ased on a clock timing synchronized with 

10 the rotation angle 0 of the spinner 130. Here, the laser diode 1 10 for emftta'ng the reference beam Lq is turned on and 
off at the clock timing in synchronism with the rotation angle 0. However, the laser diode 112 for emitting the oblique 
incident beam Li is turned on arxj off at the dock timing conrected in accordance with the atxsve formula (d). 

Fig. 12 shows another structure to which the principle of the second embocfiment according to the invention is 
applied. In the figure, numeral 1 50 denotes a laser source such as He-Ne laser or Ar laser. One laser beam Lqo emitted 

IS from the laser source 150 is split by a polarizing beam splitter 152 into a P-polarized light k>eam (the polarized beam 
with an electric field oscillating plane being parallel wHh an incident plane including an incident light and a reflective 
light) and a Six>larized light beam (the polarized beam with the electric field oscillating plane being vertical to the inci- 
dent plane). The P-polarized light beam is used as a reference t>eam Lq, and is projected via a group of lenses into the 
AOM101. 

20 The S-polarized light beam split by the beam splitter 152 is projected via a mirror 156 and a group of lenses into 
the AOM102. Both light beams Lq and are enlarged by the respective groups of lenses, and combined by a minor 
154 and a polarizing light beam splitter 158. In Rg. 12, tiie part identical to Figs.10 and 1 1 is denoted witti the same 
numerals or symbols, arxJ tiie description is not repeated. 

In this embodiment, the AOM can be replaced tiy a movable mirror. As the movable mirror, a piezo-mimor using a 

25 piezo element, a galvano-mirror using a galvanometer, or the like may be used. In the aforementioned embodiment, the 
spinner 130 comprises a mirror which rotates at an angle of 45"* relative to the central axis CL of the drum 126. Instead 
of the minor, by rotating a diffraction grating, the light beam (laser beam) introduced atong the central axis CL may be 
deflected to the inner face of the drum. 

According to the second embodiment, one light beam as the reference beam is projected on the central axis of the 

30 spinner. The other oblique incklent beam is inclined by a specified angle ^ in the plane inducting the central axis, and 
also indined in the direction orthogonal to the plane by the angle ^ which is determined in a specified operation expres- 
sion by using the spinner rotation angle 0 and 4>y 

Therefore, the ot)lique incident beam is indined in one direction by the fixed angle of ^ and only in the other direc- 
tion by the angle ^ which is the function of the spinner rotation angel 0. Deflection control is simplified. Here. ^ can be 

35 obtained by the formula (c). Additionally, a nwvable mechanism can be constituted with low cost Also, the fixed angle 
4»y can be determined from tiie scanning line interval d and the focal length f of the focusing lens, and ttierefbre the inter- 
val d can be easily changed. 

In the secoTKl embodiment, three or more light beams can be used. In this case. <^ of the ot)lique incident beam 
may be set once, minus once, twk;e, minus twk;e, three times ... as much as d/f. Also in the invention, the scanning 

40 direction of the scanning lines are inevitably deviated with an elapse of time. To avoid such deviations, the dock timing 
of each light beam can be compensated with the spinner rotation angle. 

Claims 

45 1. A metiiod for dual light beams scanning an inner face of a cylindrical drum whk^h comprises a spinner rotating 

within said drum, said spinner deflecting two light beams introduced into the drum toward the inner face of the drum 

to scan the inner face with the two deflected light beams, 

wherein said two light beams are one-dimensionally deflected in mutually orthogonal directions with each 

other, respectively, in synchronism with a rotation of said spinner, with keeping constant an interval between said 
so two light beams, and tiien said two light beams are introduced to the spinner to be deflected to the inner surface of 

the drum. 

2. The method according to daim 1 , wherein in an X-Y rectangular coordinate system on an image focusing plane of 
the fight beams, an X axis t>eing defined as a direction in which a first light beam of said two light beams recipro- 
55 cates while being one-dimensk)naIly deflected, a Y axis being defined as a direction in which a second fight beam 
of said two light beams reciprocates while being one-dimensionally deflected. 

ttie light beams are one-dimensionally deflected so tiiat said f ffst light beam satisfies 
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x-r • cos(a)t+)|/) 

and said second light beam satisfies 

5 y=r • sin(a)t+v) 

where r is an interval between both light beams. a» is a rotation angular velocity of the spinner, t is a time and 
Y is an offset angle in a maximum deflecting direction of the spinner. 

10 3. The method according to claim 1 , wherein tiie light beams are laser beams. 

4. The mettiod according to daim 3, wherein the light beams are one-dimensionally deflected with acousto-optic 
deflecting elements. 

IS 5. An apparatus for simultaneously dual light beams scanning an inner tace of a cylindrical drum, comprising: 

a) two deflecting elements for one-dimensionally deflecting the two light t>eams in mutually orttiogonal direc- 
tions, respectively; 

b) a spinner rotating coaxially with said cylirxlricai drum for deflecting said two light beams incident along a 
20 central axis of the cylindrical drum to scan the inner face of the cylindrical drum; 

c) angle detecting means for detecting a rotation angle of the spinner; 

d) a memory for storing deflection quantities of said deflecting elements necessary for one-dimensionally 
deflecting the light beams in mutually orthogonal directions in synchronism wiUi tiie rotation of said spinner 
while keeping constant an interval t^etween the two light beams; and 

25 e) deflecting element control means for driving said deflecting elements based on the deflection quantities 

stored in said memory. 

6. The apparatus according to daim 5, wherein in an X-Y rectangular coordinate system on an image focusing plane 
of the light beams, an X axis toeing a direction in which a first light beam of said two light beams reciprocates while 

30 being one<limensionaIly deflected, a Y axis t>eing a direction in which a second light beam of said two light beams 
redprocates while t)eing one-dimensionally delected, 

the deflection quantity for said first light beam is x=r • cos(G>t-f y ) . and 
the deflection quantity for said second light beam is y==r * sin((Dt+^) , 
35 where r is an interval between kx)th light beams, o is a rotation angular velodty of the spinner, t is a time 

and V is an offset angle in a maximum deflecting direction of said spinner. 

7. The apparatus according to daim 5, which further comprising: . 

40 beam position detecting means for detecting positions of the two light beams incident upon the spinner on an 

image focusing plane; 

a processor for obtaining compensation quantities necessary for shifting the detected beam positions to ade- 
quate positions, respectively; and 

a compensation quantity memory for storing the obtained corrpensation quantities, 
45 said deflection quantities being compensated with said corrpensation quantities by said deflecting element 

control means to control said two deflecting elements, respectively. 

8. The apparatus according to daim 5, wherein the light t>eams are laser beams. 

50 9. The apparatus according to daim 8, wherein said def lectirig elements are acousto-optic deflecting elements. 

10. A method for scanning an inner face of a cylindrical drum with plural light beams, said drum comprising a spinner 
rotating on a central axis of the drum to deflect each light beam to the inner face of the drum, 

wherein one light t>eam passes atong a central axis common with said spinner and the cylindrical drum and 
55 is projected into the spinner, 

and wheren otiier light beams are indined in a plane induding said central axis by a constant angle 4»y which 
is separately predetermined for each of said other light beams and further indined in a dlredion orthogonal to 
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said plane by an angle ^ which is determined in synchronism with a rotation angle e of the spinner. 

11. The method according to claim 10, wherein said angle ^ is determined in accordance with the fomiula 
5 when Q^O, = ^y(1-cos6)/^ine, arxi 

when e^, ^j^^O. 

12. The method according to daim 10, wherein said inclination angle ^ is determined in accordance with the formula 

10 

where d is an interval between scanning lines drawn by said plural light beams on the inner face of the cylindrical 
drum, and f is a focal length of a common focusing lens on which the light beams are focused. 

IS 

13. The method according to daim 12, wherein scanning is performed with three or more light beams, one off the light 
beams is laid on the central axis of the spinner, arxJ each indination angle of the other light beams is set as d/f 
multiplied by an integer. 

20 14. The method according to daim 10, wherein deviations in main scanning lines drawn by the plural light beams with 
an elapse off time are compensated by synchronizing a dock timing of an image signal with the rotation angle 0 of 
the spinner. 

15. An apparatus for scanning an inner face of a cylindrical drum with plural light t>eams, said drum having a spinner 
25 rotating on a central axis off the drum to deflect said plural light k)eams to the inner surface of the drum, one off the 
plural light beams passing along a central axis common witti said spinner and the drum to be projected to the spin- 
ner, corrprising: 

angle detecting means for detecting a rotation angle 0 of the spinner; and 
30 a light beam deflecting element for deflecting the other light beams in a plane induding said central axis t>y a 

constant angle ^ which is separately predetermined for each off the other light beams, and in a direction 
orthogonal to said plane including a rotation axis t>y an angle which is determined in synchronism witii the 
rotation angle e of the spinner. 

35 16. The apparatus aoooiding to daim 15, wherein the said angle ^ is determined in accordance witii tite formula 

when e^O, = 4>y(l-cose)/sine, and 

whene^o, ^x~^- 

40 

17. The apparatus according to claim 16, wherein said indination angle ^ is determined in accordance with the for- 
mula 

d=f-*y 

45 

where d is an interval between scanning lines drawn by said plural light beams on the inner face of the cylindrical 
drum, and f is a focal length of a common focusing lens on which the light beams are focused. 

1 8. The apparatus according to daim 1 7, wherein scanning is performed with three or nmre light beams, and each incli- 
50 nation angle ^ of the light t>eams other than the Gght beam projected afong the central axis of the spinner is set as 

d/f multiplied by an integer. 
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